Abstract
Introduction
In principle, innovations are not based on activities of a single firm only. Most innovation activities involve multiple actors. The development of new and improved products rather requires an active search-process involving several firms and institutions to tap new sources of knowledge and technology (De Bresson, 1996; Nooteboom, 1999; von Hippel, 1988) . Exchange of information and resources with different partners are important factors in the innovation process. By this, firms become more and more dependent on the know-how of other companies and institutions.
Firms that engage in innovation activities are aware of the necessity to establish R&D cooperation to obtain expertise which can not be generated inhouse. Such cooperations are defined as collaborations to achieve a common goal that is to develop new and improved products (technologies). 1 Within a more or less durable constellation of agreements between two or more partners, assets and activities are pooled, and combined. Thus, technological capabilities to develop product and process innovations can be improved.
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The importance of R&D cooperation has risen steadily as a consequence of growing complexity, risks and costs of innovation (Coombs et al., 1996; Dogson, 1993; Hagedoorn and Schakenraad, 1992) . Inter-firm collaborations occur especially within technology based industries. Arora and Gambardella (1994) demonstrate the high importance of R&D collaborations for large US chemical and pharmaceutical companies in the biotechnology sector. Colombo (1995) provides empirical evidence of complementary relationship between inter-firm cooperative arrangements and R&D intensity for a representative sample of international firms in the information technology industries (semi-conductor, data processing and telecommunications). Veugelers (1997) identifies significant positive effects of R&D cooperation in the Flemish manufacturing industry on the level of R&D investments but only if firms have established absorptive capacities as a full-time staffed R&D department. By this, R&D active Flemish firms are found to be more frequently engaged in technological cooperations, the more they spend on inhouse R&D.
For Germany, the influence of R&D cooperation on the intensity of firms' innovation activities is less investigated. Recent studies have focussed on the role of inter-organizational arrangements in single industries and the importance of specific types of R&D cooperation. For example, Peters and Becker (1999) have investigated the role of R&D cooperation with universities in the German automobile industry. Formal R&D arrangements with universities are preferred because automobile suppliers can enhance their inhouse capacities and use their automobile-specific potentials more efficiently. By establishing cooperative R&D arrangements, suppliers rather save R&D costs than realize quality improvements of products. Becker and Peters (2000) found empirical evidence in the German manufacturing industry that R&D cooperation with universities enhance the probability of R&D and increase the R&D investment of firms. This underlines the complementary effect of joint R&D with such research partners. Firms cooperating with universities invest more in the development and improvement of products than companies that do not cooperate with universities. Fritsch and Lukas (1999) identify similar patterns for manufacturing enterprises in three German regions. They found differences in firms' R&D cooperation behaviour concerning the prospensity to collaborate with others in R&D and the kind of cooperation partners.
This paper picks up these specific results and investigates the role of R&D cooperation for firms in the German manufacturing industry from a broader perspective. In doing so, the issue in this paper is novel in two points. The analysis is concentrated on the impact of R&D cooperation -in line with other factors -on firm's innovation input and output. Furthermore, it will be investigated how the number of cooperation partners affects the development of new and improved products.
The paper is organized as follows: In section 2, the innovation effects of R&D cooperation are discussed from a theoretical point of view. A formal analysis is neglected since the focus is put on the elaboration of expected effects of R&D cooperation on firm's innovation behaviour. The discussion is emphasized on the formulation of core arguments and their interdependencies.
Section 3 describes data set, variables used and estimation methods for the empirical analysis.
Section 4 presents estimation results on the importance of R&D cooperation as an explanatory factor of the innovation input and output for firms in the German manufacturing industry.
Section 5 contains a summary of the main findings.
R&D Cooperation and Innovation Activities of Firms -Theoretical Aspects
Firms are engaged in R&D cooperations because they allow the utilization of external resourcestechnological opportunities -for own purposes directly and efficiently. Technological opportunities define the total amount of the currently existing and exploitable external resources firms are faced with (Cohen, 1995; Dosi, 1988; Klevorick et al., 1995) . Such opportunities are diverse, varying in kind and usefulness not only between industries but also between firms. "Due to variations in the degree of availability of these technological opportunities, innovations are "cheaper" to realize ... This factor stands -in combination with others -behind the empirically observable inter-industrial differences in the rates of technical progress, of total factor productivity and of economic growth" (Harabi, 1995, p. 67) . Strength and sources of technological opportunities are important factors explaining firm-specific and cross-industry variations in R&D intensity and R&D productivity (Arvanitis and Hollenstein, 1994; Nelson and Wolff, 1997; Sterlacchini, 1994) .
R&D cooperations are an efficient strategy for adapting external resources only if the costbenefit-relationship ('trade-off') of joint R&D is positive or at least can be expected to be positive. The benefits of joint R&D Camagni, 1993; Robertson and Langlois, 1995) can be described as follows:
-joint financing of R&D,
-avoiding multiple and wasteful duplication of R&D,
-reducting uncertainty,
-realizing cost-savings, -realizing economies of scale and scope, -shortening development times.
The disadvantages of joint R&D are caused by transaction costs (Coase, 1937; Pisano, 1990; Williamson, 1989) especially to coordinate, manage and control the R&D activities of different actors. Transaction costs are mainly related to the following topics:
-unification of heterogeneous structures, decision-making processes, etc., -coordination of distinct organizational routines, styles, etc., -combination of complementary assets, resources, etc.,
-fixation of transfer prices of intangible goods, for example information or know-how, -regulation of the exploitation (appropriation) of the results (rates of return) of joint R&D.
Further, R&D cooperations are faced with hidden and unexpected risks, such as insufficient quality of assets, delays in development time, failure of research success, change in the relative contractual (market) power of the partners, etc. In addition, opportunistic behaviour, such as moral hazard problems can occur. Because single R&D efforts are not directly observable, partners tend to focus on their own profit when choosing their level of R&D investment.
Governance modes to organize technological cooperations, such as cross-licencing agreements or R&D joint ventures can help to avoid moral hazard (Gandal and Scotchmer, 1993; Hagedoorn, 1990; Morasch, 1995 In recent years, numerous analytical contributions have emerged trying to formalize the incentives of firms to engage in R&D cooperation using oligopoly models with strategic interactions between firms (D' Aspremont and Jacquemin, 1988; de Bondt and Veuglers, 1991; Katz, 1986; Motta, 1992; Steurs, 1995; Suzumura, 1992) . Following the game-theoretic approach the effects of cooperation on the innovation process have been examined predominantly by twostage models of oligopolistic/duopoly competition. Accordingly, private incentives for R&D agreements are high, if external resources (technological opportunities) are sufficiently large, usable with positive effects on the level of R&D investment, output and social welfare.
To judge the innovation effects of R&D cooperation precisely, it is critical to distinguish whether external resources are used either as substitutes or complements. 4 R&D cooperation -given a certain initial state A 5 -leads to a reduction of R&D efforts, if ceteris paribus a substitution effect of inhouse R&D occurs. 6 If external R&D resources are used complementary, then, ceteris 3 To the concept of organizational (mutual) learning see: Brown and Duguid, 1991; Powell, Koput and SmithDoerr, 1996; Simonin, 1997. 4 For the role of substitutive and complementive effects in the innovation process see: Arora and Gambardella, 1990; David, Hall and Toole, 2000. 5 The conditions of establishing R&D cooperation are seen as given.
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This suggests that the production of new or improved products requires idiosyncratic and generic R&D efforts. Whereas idiosyncratic R&D focuses on generating firm-specific knowledge, generic R&D produces knowledge that is easy to access also by other actors (R&D spillovers). Given a certain degree of efficiency in the production of generic knowledge, cooperations with other firms and organizations turn out to be profitable if the costs of searching and processing are lower than the costs of internal knowledge production. A substitution of the generic part of internally produced knowledge reduces total R&D expenditure. Concerning the generic production of knowledge costs are driven down, whereas in the idiosyncratic knowledge production costs can not be higher then status quo ante. For a formal analysis see: Becker and Peters, 1999; Harhoff, 1996. paribus an increase (decrease) of inhouse R&D leads to an enhancement (reduction) of firms' R&D expenditures.
Further, the innovation effects of R&D cooperation depend on the number of partners. It can be expected that networking effects of inter-organizational arrangements in R&D rise with the number of partners cooperating efficiently with each other. Hereby, firms can establish interindustry agreements (Katz and Ordover, 1990; Mowery, 1989; Vonortas, 1997a) 7 and/or collaborate with institutions outside the industrial sector; especially universities and public research institutes (Faulkner and Senker, 1994; Lee, 1996; Leyden and Link, 1999 
Data Set, Variables and Estimation Methods

Data Set and Variables
For the empirical analysis data from the first wave of the Mannheim Innovation Panel conducted in the German manufacturing 8 industry are used. About 2,900 firms participated in the survey and filled in a questionnaire about their innovation activities in the period 1990-1992. A total of 2,048 firms were included in the empirical investigations.
7 A particular type of industrial collaborations are strategic alliances (Beamish, 1998; Gerybadze, 1995; Lorange and Roos, 1992) . Strategic alliances are very often a typical feature of a network of firms that show multiple relationships (Jarillo, 1995; Thorelli, 1986) . According to Harrigan (1988) , these networks can be called 'spiderweb cooperations'. Other forms of inter-firm arrangements are R&D joint ventures (Gandal and Scotchmer, 1993; Link, 1996; Vonortas, 1997b) . In the following, no differences are made between these specific types of R&D cooperation.
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The empirical investigations are focussed on the German manufacturing industry because more than 90 per cent of the entire R&D expenditures of private firms are conducted in the secondary sector (Bundesministerium für Bildung und Forschung, 1999).
The MIP-93 data set defines the frame for the specifications of the variables in the econometrical investigations. 9 Unless otherwise noted, all data relate to the year 1992. The dependent variables reflecting the innovation input and output of firms in the German manufacturing industry are listed in Table 1 , including descriptive statistics.
INSERT TABLE 1 HERE
The innovation input variable R&D_INT -defined as R&D expenditures to sales ratio -measures firms' intensity to develop new and improved products. The log of this intensity is computed because of the problems with non-normal distributions. Firms' innovation output are measured by a dummy variable IN_RE_PRD indicating the realization of product innovations in the period 1990-1992.
In Table 1 We generate the variable COOP_CLA to measure the networking effect of inter-organizational arrangements in R&D. By doing so, it can be investigated how the number of partners cooperating efficiently with each other affects the intensity of R&D/innovation activities.
In the econometrical models, variables reflecting firms' restrictions in the innovation process ('barriers of innovation activities') are taken into consideration. By this, conditions affecting the willingness to cooperate with others -in section 2 described as the benefits (advantages) of joint R&D -are investigated. We use factor scores of five variables BAR_ generated by a factor analysis of seventeen potential barriers of innovation (see Appendix A1).
To capture the influence of other firm-specific and environmental factors, different variables are integrated in the estimations. 10 Variables related to appropriability conditions (AP_) are 9 A detailed description of the MIP-1993 data set is given by: Harhoff and Licht, 1994. 10 In empirical studies working with the MIP 1993 data set, generally a variable EAST is implemented in the regressions to control for location effects in East Germany (e.g., Felder et al., 1996; König and Licht, 1995) . East German firms have received many tax incentives and subsidies from the government in order to support their employed because the extent to which firms can protect their knowledge from others affects the innovation activities of firms (Cohen and Levinthal, 1989; König and Licht, 1995; Levin et al., 1987) . The better firms can secure their knowledge against others and retain the returns of their R&D, the higher the incentives for inhouse R&D are. 11 In the estimations, scores of factor analysis on firm-specific and law-specific mechanism of protecting internal knowledge (AP_FIRM, AP_LAW) are used (see Appendix A2). Additionally, factor scores of different aims of innovation activities (AIM_) reflecting firms' motivation to be engaged in the development of new and improved products are implemented (see Appendix A3). Because of their heterogeneous character, the expected effects of the different aims on firms' innovation activities can hardly be defined.
To capture the influence of market-related factors, the variables firm size (SIZE_SALE), intensity of international sales (INTERNAT) and degree of diversification (DIVERS) are integrated in the estimations. These factors reflect the importance of order and demand in the innovation process. The role of firm size in the innovation process is a priori difficult to assess because this variable "... can be used as a proxy for various economic effects" (Arvanitis and Hollenstein, 1996, p. 18) . It is a proxy for scale effects in the knowledge production, the capacities to specialize innovation activities and the ability to perform (applied) research efficiently. Following Schumpeter (1942) , a positive correlation between absolute size of a firm and innovation expenditures can be expected. Large firms can benefit from economies of scale in R&D and production. Otherwise, empirical evidence could be found that the share of R&D in sales of large firms is lower than that of small firms (Acs, 1999; Acs and Audretsch, 1991; Kleinknecht, 1996) . The innovation effects of demand factors are less ambiguous. It can be assumed that high export shares of sales (Felder et al., 1996; Wakelin, 1998) and degree of diversification (Kamien and Schwartz, 1982; Nelson, 1959) stimulate firms' innovation activities.
development. In regression with EAST as independent variable, not reported here, we found mostly similiar patterns as reported in section 4.
11 Appropriability conditions and R&D spillovers are closely related (Cohen, 1995; Griliches, 1992) . R&D spillovers are externalities beyond their primary definition, where not alone the innovator has the benefit, but also other actors can apply them for own purposes (Encaoua et al., 2000; Levin and Reiss, 1988) . Appropriability problems caused by R&D spillovers may firms motivate to underinvest in R&D because they can not completely internalize the benefit from their private engagement in the development of innovations. In general, the higher (lower) the appropriability conditions of firms are, the less (more) R&D spillovers will occur.
To measure the importance of technological opportunities, 12 we distinguish technological opportunities stemming from suppliers (TEC_SUPP), customers and competitors (TEC_CUCO) and scientific institutions (TEC_SCIE). Scores generated by a factor analysis of nine external scources of technological information are used in the estimations (see Appendix A4). In general, the higher the importance of external (knowledge) resources, the higher firms' inhouse capabilities to develop new and improved products are (Arvanitis and Hollenstein, 1994; Gambardella, 1992; Levin and Reiss, 1988) . Along this line, the higher the level of technological opportunities, the higher the motivation of a firm will be to become engaged in the innovation process.
To capture the influence of industry-specific conditions, a variable on the degree of market concentration (COMP_INT) is integrated in the estimations. The influence of market structure on firms' innovation behaviour is ambiguous. On the one hand, empirical studies indicate positive effects of market (industrial) concentration on R&D intensity (Geroski, 1994; Martin, 1994; Vossen, 1999) . On the other hand, the degree of competition in the firms' market has an impact of comparable small order of magnitude on the innovation activities of firms, if the estimations are controlled by variables of technological opportunities (Arvanitis and Hollenstein, 1996; Crépon, Duget and Kabla, 1996) . Because firm size is not equally distributed within an industry, the market share of a company is an additional indicator of market structure. As with the market concentration, R&D intensity can be expected to increase with market share but level off and may fall when a firm captures the whole market as monopolist.
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Further, industrial technology levels are used as independent variables. In the MIP-93 data set, the manufacturing industry encloses eleven sectors. According to common OECD classification (OECD, 1994, p. 94) , these sectors are divided in three technology groups (LOW, MEDIUM, HIGH). The variable HIGH is defined as basis group.
A firms' innovation behaviour is closely linked to the development of an industry along with technology and demand. At a given time, the technological regime (Audretsch, 1997; Nelson and Winter, 1982) represents the specific environment of firms at the sectoral level. The features of technological regimes, such as opportunity conditions, degree of cumulativeness of technological knowledge and characteristics of the relevant knowledge base define "... the nature of the 12 We assume that the variables of technological opportunities can be used to measure especially the evidence of R&D spillovers in the innovation process.
13 For the effects of buyer and supplier market concentration on the innovative behaviour of firms see : Farber, 1981; Geroski, 1995; Peters, 2000. problems that firms have to solve in their innovation activities, the incentives and constraints to particular behaviours and the basic dynamics mechanism of evolution of firms, technologies and industries" (Malerba and Orsenigo, 1993, p. 46) . These circumstances lead to specific patterns of innovation activities in industries. In particular, firms in technology-based industries are forced to be steadily active in the innovation process and secure their market competitiveness (Malerba, Orsenigo and Peretto, 1997; Pavitt, 1984) .
Estimation Methods and Econometric Specifications
To estimate the relationship between innovation activities of firms and R&D cooperation, simultaneous equation systems are often used (Colombo, 1995; Colombo and Garrone, 1996; Veugelers, 1997) . Two main reasons for this can be mentioned. First, internal capacities are necessary to exploit external resources within R&D cooperation. Second, the use of external resources affects the intensity of the firms' innovation engagement. Because of this included endogenous variables in each equation are correlated with the disturbances (u's see below), so that Ordinary Least Square (OLS) disregarding simultanity would lead to inconsistent estimators.
Further, estimation problems arise from the different scales of the dependent variables R&D_INT, COOP and COOP_CLA (see Table 1 ).
To get unbiased estimation results adequate econometric models have to be used. To avoid identification of single firms the available information for R&D_INT in the data set are censored at point 0.35 (before logs are taken). Therefore, we use a Tobit model to capture this uppercensoring. For COOP and COOP_CLA only discrete information is available so that a Probit or Ordered Probit model are the appropriate estimation methods.
To take into account all these estimation problems we use a simultaneous equation model with limited and/or qualitative dependent variables. 14 The estimated models are illustrated below for R&D_INT and COOP:
where m represents the upper-censoring point at 0.35, X R and X C indicate the exogenous variables in the corresponding equation, R&D_INT*, COOP*, u R and u C are unobservable random variables. The actual value R&D_INT can be watched, if R&D_INT*<m. In the cases R&D_INT *≥m, the only available information is that R&D_INT* lies in the range between m and ∞. For COOP* only the sign is observable.
In the first step, the reduced form parameters are estimated for the COOP equation with the Probit method and for the R&D_INT equation with the upper-censored Tobit model including all exogenous variables. In the second step, these estimations are inserted in the structural form.
Following Amemiya's principle, the structural parameters can be estimated efficiently by
Generalized Least Square (GLS) using the defined relation between the reduced and structural form. 15 The asymptotic covariance matrix is calculated using Lee's (1992) estimation procedure, which is more flexible to the scale of the dependent variable (see also Wilde, 1999 Greene, 1997; Ronning, 1991) .
Results of the Empirical Analysis
In the following, the findings of the empirical investigations with special attention to the importance of R&D cooperations as an innovation factor are described and discussed. Before we point out the econometrical results, descriptive information about the evidence of R&D cooperation in the German manufacturing industry is given.
14 For more details to this kind of simultaneous equation systems see: Blundell and Smith, 1993; Lee, 1981; Maddala, 1983. 15 For more details see: Amemiya, 1978; 1979. 
Evidence of R&D Cooperation in the German Manufacturing Industry
In 1992, about 37 per cent of firms had formed inter-organizational arrangements in R&D with one or more partners to develop new products jointly (see Table 1 ). Obviously, R&D cooperation is a crucial instrument for firms to gain and implement external resources efficiently. As 
Innovation Effects of R&D Cooperation
We 
Effects on Innovation Input
Using a simultaneous equation system, the estimation results for the effects of R&D cooperation on the firms' inhouse intensities (R&D_INT) are listed in Table 2 .
16 By this, we investigate whether external resources within such collaborations are used as substitutes or complements to inhouse activities.
INSERT TABLE 2 HERE 16 In regressions, not reported here, we find similiar results for INNO_INT (innovation expenditures to sales ratio).
Besides R&D, innovation expenditures include also the firms' investment in product design, trial production, purchase of patents and licenses, etc.
Collaborations with other firms and institutions enhance the innovation engagement of firms in the German manufacturing industry. In both specifications of Model 1, the coefficient for COOP is highly significant (at the 0.01 level), pointing out a complementary relationship between cooperative agreements in R&D and the level of the firms' innovation input. These findings are in line with work done in other countries (Colombo, 1995; Leyden and Link, 1991; Sakakibara, 1997; Veugelers, 1997) . R&D cooperations motivate firms to invest more in the development of innovations. Inter-organizational arrangements in R&D expand technological capabilities with stimulating impacts on the firms' research intensity.
The estimations for Model 2 underline impressively the networking effects of inter-organizational R&D arrangements. The number of partners (COOP_CLA) cooperating efficiently with each other affects the intensity of firms' R&D activities positively. The mix of heterogeneous actors in R&D cooperation enfolds synergetics and enhance research productivity in a specific way. This underlines the importance of networking effects in the innovation process (Autio 1997; Love and Roper, 1999; Malerba and Torrisi, 1992; OECD, 2001 ).
The results for the other exogenous variables in Model 1 and 2 correspond mostly to the theoretically expected signs. A high degree of appropriability conditions motivates firms in the German manufacturing industry to invest in the development of new and improved products.
Firm-specific strategies to protect knowledge from other companies (AP_FIRM) increase the level of innovation engagement. Mechanisms of protecting innovations by law (AP_LAW) have significant effects on the intensity of R&D investments (at the 0.01 level).
Looking at the five variables AIM_ generated by a factor analysis of twenty potential aims of innovation activities, the expansion of demand abroad (AIM_DEMA) and the enlargement of production program (AIM_PROD) have positive effects on R&D_INT (significant at the 0.01 level). Contrary, the improvement of environmental issues (AIM_ENVI) leads to an reduction of the firms' R&D expenditures.
The effect of firm size (SIZE_SALE) on the level of firms' R&D expenditures are negative and significant (at the 0.05 level). Large firms in the German manufacturing industry spend less money in order to develop innovations -compared to their sales -than small firms. These findings correspond with studies from other countries (Acs and Audretsch, 1990; Arvanitis, 1997; Evangelista et al., 1997) . Obviously, the intensity of the firms' R&D rises less than proportional with size. "Perhaps it is the kind of specialisation underlying the innovative behaviour of small and big firms which allows small firms to innovate without noticeable disadvantages" (Arvanitis 1997, p. 487 ).
In addition, the regressions indicate highly significant effects of the market-related variable INTERNAT. Firms' R&D intensities rise with the share of international sales. The coefficients for the variable DIVERS -degree of diversification -are also positive, but lack statistical significance. Both findings support the demand-pull hypothesis (Felder et al., 1996; Kleinknecht and Verspagen, 1990; Wakelin, 1998) .
The results for the variables of technological opportunities are different. In both model specifications (Model 1a and 2a), the coefficients for suppliers as external knowledge source (TEC_SUPP) are negative and highly significant (at the 0.01 level). This can be explained by the fact that suppliers' information tend to be a substitute for inhouse activities, as also found in studies for the US (Cohen and Levinthal, 1989; Nelson and Wolff, 1997) . Further, the regressions indicate positive impacts of a high assessment of customers and competitors (TEC_CUCO) and universities and research institutes (TEC_SCIE) as external knowledge sources on firms' R&D intensity. These results are consistent with other findings (Becker and Peters, 2000; Henderson, Jaffe and Trajtenberg, 1998; Mansfield and Lee, 1996) . The strong significance (at the 0.01 level) of TEC_CUCO is remarkable. Contrary, the coefficients for TEC_SCIE lack significance.
The effects of industry-specific variables are ambiguous. The coefficient for market concentration (COMP_INT) is positive and significant (at the 0.05 level). This coincides with the theoretically expected sign. Further, the estimations indicate expected (highly significant) effects of industrial technology levels (LOW, MEDIUM). The lower (higher) this level, the less (more) intensive firms' investments in R&D are.
In Table 2 also, the findings for COOP and COOP_CLA as dependent variable in the simultaneous equation system are reported. 17 In general, intensity of inhouse R&D (R&D_INT) has stimulating, complementary effects (significant at the 0.01 level) on the probability that firms in the German manufacturing industry are engaged in R&D cooperation. By this, the existence of innovation barriers (BAR_) raises the engagement of firms to cooperate with others in R&D to overcome these restrictions. In particular, firms in the German manufacturing industry are 17 To estimate the determinants of R&D cooperation in the simultaneous equation model, the set of explanatory factors for firms' R&D intensity is used with slight modifications. In line with theoretical and empirical studies (Colombo, 1995; Fritsch and Lukas, 2001; Katz and Ordover, 1990; Kleinknecht and Reijnen, 1992; Motta, 1992; Vonortas, 1997a) , firm characteristics, market (demand) structure and industrial peculiarities are used as explanatory variables. Contrary to the estimations for R&D_INT, we insert variables of firms' innovation barriers (BAR_) in the estimations for COOP and COOP_CLA as dependent variables and left out factors capturing the firms' motivations of being engaged in the innovation process (AIM_).
interested in such cooperations when costs and riskness of innovation activities (BAR_COST), and financial restrictions (BAR_FIN) are high. As shown in other studies Veugelers, 1997; Vonortas, 1997a) , the adaptation of external resources within R&D cooperation leads to an extension of firms' capabilities of developing new products. Firms are aware that they must establish R&D cooperations to obtain expertise which cannot be generated inhouse.
Positive In contrast, the effects of technological opportunities from customers and competitors (TEC_CUCO) are negative and highly significant. Information stemming from customers and competitors are associated with higher R&D expenditures. This lowers the probability (readiness) to cooperate in R&D. Obviously, the cost-benefit-relationship of joint R&D (as described in section 2) is expected to be negative.
The effect of industrial technology levels on the participation in R&D cooperation is also contrary to the estimations for R&D_INT. The lower the industrial technology level, the higher the likelihood of joint R&D. In sectors with low R&D intensity there are only few possibilities for firms to mark off from competition. With the help of cooperation partners firms -especially small ones -are able to overcome this shortcoming and master the development of complex and risky technologies (Acs, 1999; Malerba and Orsenigo, 1993; Pfirrmann 1998 ).
Effects on the Innovation Output
We use the set of explanatory factors as on the input level but with slight modifications to estimate the effects of R&D cooperation on the innovation output of firms in the German manufacturing industry. The impacts are analyzed for the realization of new products
In a first step, we use the same estimation techniques and models as in section 4.2.1. for
R&D_INT, but no simultaneous relationship between innovation output and R&D cooperation could be detected. This may be due to the fact that only relatively few (nominal) information on the realization of new products is available. 88 per cent of the non-cooperating firms in the data set are innovative so that there is little difference to cooperating firms. Because of this we use a single equation Probit model. Table 3 presents the results of these estimations. 18 Because only few empirical studies exist on the innovation output effects of R&D cooperation, we cannot discuss our results to the extent as done for the input side in section 4.2.1.
INSERT TABLE 3 HERE
Looking at R&D cooperation as a whole (COOP), positive output effects can be generally recognized. Collaborations with other firms and institutions enhance the probability of realizing new products (at the 0.01 level). Joint R&D has stimulating impacts on the realization of product innovations. Similar to the innovation input side, the complementary effect of using external resources within such inter-organizational arrangements dominates. The estimation results for the other exogenous variables are also listed in Table 3 . Not suprising, the intensity of firms' R&D expenditures (R&D_INT) has stimulating, highly significant effects on the probability to develop product innovations. Additionally, appropriability conditions (1996) . They also found negative (but insignificant) effects of technological opportunities stemming from scientific knowledge sources on the sales shares of new products in the case of Swiss manufacturing firms. One reason that explains these findings can be seen in the fact that knowledge from universities and research institutes affect the development of new products more indirectly and improve the quality of products more indirectly by increasing firms' R&D efficiency and enhancing inhouse technological capacities rather than by generating technical advance directly. "What university research most often does today is to stimulate and enhance the power of R&D done in industry .... By far the largest share of the work involved in creating and bringing to practice new industrial technology is carried out in industry, not in universities" (Rosenberg/Nelson 1994, 340) . Nevertheless, the technological opportunities proxy TEC_SUPP has negative impacts on IN_RE_PRD. The higher firms rank the importance of external knowledge from suppliers, the lower the probability of realizing new products. One explanation for this remains to the point that suppliers are often specialized in the development of process innovations (Arvanitis/Hollenstein, 1996; Malerba, 1992; von Hippel, 1988 ).
The estimation results for the industry-specific variables are similar to the effects on firms' innovation input as reported in 4.1.2., but with much less significance. The coefficients for the market concentration variable (COMP_INT) is positive. Further, the probability of realizing new products decreases with the industrial technology level (LOW, MEDIUM).
Summary
Firms engaged in the innovation process are aware of the necessity of establishing R&D cooperation to obtain expertise which cannot be generated inhouse. Thus, internal capabilities to develop new products are improvable. Collaborations with other firms and institutions in R&D offer a crucial way for innovative firms to make external resources usable because they offer possibilities of intensive knowledge transfer, resource exchange and organizational learning.
Complementary assets and capabilities can be combined and merged generating synergies and cross-fertilization effects.
Against this background, the aim of the paper was to analyze in a simultaneous equation framework the role of R&D cooperation in the innovation process under two specific aspects. positively. The mix of heterogeneous actors in R&D cooperation enfolds synergetics and enhance research productivity in a specific way. Also, the intensity of inhouse R&D stimulates the probability and the number of R&D cooperations with other firms and institutions. On the output side, collaborations in R&D enhance the probability of realizing new products. Further, the realization of product innovations rises with the number of actors in R&D cooperation. This underlines the networking effects of inter-organizational R&D arrangements.
In further work, the relationship between R&D cooperation and innovation activities of firms has to be analyzed under specific intra-and inter-sectoral aspects. In addition, the duration (continuity) of such cooperation and the kind (intensity) of knowledge transfer and resource exchange has to be taken more into consideration. Thereby, the decision-making processes and the mechanism of generating synergies and cross-fertilization effects within R&D cooperation can be uncovered. Further, the innovation effects of joint R&D have to be analyzed under longitudinal (dynamic) aspects with special attention to regional innovation systems. Finally, additional research has to be focussed on the importance of industry-specific conditions by the partner selection. By doing so, information about the efficiency of R&D cooperation depending on the type and number of partners can be gained and implications for the public policies can be drawn. Notes: * significant at the 0.1 level, ** significant at the 0.05 level, *** significant at the 0.01 level. 
